mean note peak frequency (hereafter, peak frequency) and overall song pace 1 7 3 (hereafter, pace). Peak frequency was generated by calculating peak frequencies for 1 7 4 each note of the song, and then taking the average across the entire song. Pace was 1 7 5 calculated by dividing the number of notes minus 1, by the song duration minus 1 7 6 mean note duration (see (Kirschel et al. 2009 ), table S3). Previous studies based on a Geographic Information Systems (GIS) approach have 1 8 0
shown that remotely sensed environmental data can predict both Amazonian tree 1 8 1 species composition and song structure in rainforest understorey birds (Saatchi et al.
1 8 2 2008 , Kirschel et al. 2009 , Kirschel et al. 2011 ). This makes sense because GIS 1 8 3 vegetation indices relate to canopy structure, which is known to regulate 1 8 4 illumination, and thus vegetation growth and leaf density, in the understorey 1 8 5 (Jennings et al. 1999) . In accordance with the sensory drive hypothesis, the two out of seven PCs, and in peak frequency; P = 0.0005), consistent with their 2 8 1 shallower genetic divergence (table 1, figure 1, S3-S5, ANOVA results: table S5 ).
8 2
Nevertheless, by modelling song structure in H. peruviana across its range, we 2 8 3 found evidence that songs became gradually more similar to those of H. subflava in 2 8 4 peak frequency (figure 2), as well as in some temporal features, towards the zone of 2 8 5 sympatry.
2 8 6 2 8 7 We found a significant effect of distance from the contact zone on four PCs.
1 3
Two of these showed a pattern of convergence: PC6 (GLMM: z = 3.26, P = 0.001) 3 1 4
and PC7 (z = 4.27, P < 0.0001 ; table S3 ). PC6 is associated with mean minimum and 3 1 5 peak frequencies; PC7 is associated with the mean and variance in note peak time Our spatial analyses show that key aspects of the territorial songs of two antbird 3 6 8 species converge over large geographical scales from allopatry to sympatry, and also 3 6 9
suggest that this pattern arises independently of underlying environmental gradients.
7 0
In addition, the details of the Hypocnemis system allow us to reject two further 3 7 1 hypotheses for spatial convergence: heterospecific song copying and hybridisation 
9 0
One aspect of our results that deviates from the predictions of convergent 3 9 1 ACD is that signal convergence appears to be asymmetric, with song characters in 
